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This paper is concerned with a study of the cortical asso- 
ciation regions bordering on and related t,o the visual and 
auditory projection areas of the brain of Macaca mulatta. 
An attempt has been made to correlate the findings from 
anatomical and experimental work with the data on these 
association areas available in the literature. The studies on 
behavior presented in this report serve only as an introduc- 
tion to understanding of the infinitely complex functions of 
the visual and auditory association areas of the macaque. 
This paper is a part of the series of studies on the cerebral 
cortex and the midbrain of this primate being carried on iii 
the Department of Anatomy at the University of Michigan. 
The author wishes to  thank the sponsors of the Brower and 
Arn and the Clover research funds of the University of Michi- 
gan Medical School for the generous grants which made pos- 
sible this work. He is indebted to Professor Elizabeth C. 
Crosby under whose careful' direction this paper was planned 
and executed. 
MATERIALS AND METHODS 
A1,togetbor 7 specimens of Macaca mulatta were operated 
upon and their brains compared with a series through the nor- 
A dissertation submitted in partial fulfillment of the requirements for  the 
degree of Doctor of Philosophy in the University of Michigan, 1951. 
521 
522 LLOYD J. LEMMEN 
ma1 brain of the niacaque from the IInbe I' Comparative Neuro- 
logical Collectioii which were stained by the Weil technique. 
The experimental material was prepared by the Marchi tech- 
nique using the Swank and Davenport modification ( ' 3 5 ) .  
The technical difficulties and apparent differences in optimal 
staining times for various fiber systems, of necessity, limit 
the conclusions which can be drawn from a study of this 
nature. The cortical stimulation mas carried out under va- 
riable depths of ether anesthesia using a minimal faradic 
current. The results of electrical stimulation are modified 
by many factors, such as : temperature, blood supply, shock, 
flow of cerebrospinal fluid, type and depth of anesthesia, ancl 
type and intensity of stimulating current (Hines, '44). Inas- 
much as the numerical' description of the macaque brain is 
current in most of the present day literature, an attempt will 
he made to approximate and correlate these findings in terms 
of the numerical nomenclature used in tlie braiii map of 
blacaca mulatta by IIcCulloch ( '44) in connection with neu- 
ronography (based on Brodmann's classification) and the 
cytoarchitectural map of the Nacaca mulatta described bj- 
Ronin and Bailey ('47). In  most cases a trephine opening 
was made through the skull and the opening enlarged as 
necessary for more adequate exposure. Occasionally a bone 
flap was turned for added protection from brain herniation 
through the dural defects. The elevated temporal muscle 
provided an additional protective layer in the temporo-occipi- 
tal area. In  all instances, unless otherwise indicated, the 
surgical lesion was made with an electrical cautery on the 
exposed cortex Wlien stimulating the basal snrface of thc 
occipital lobe, an attempt was made to insulate the region 
with a thin sheet of rubber to eliminate the possibility of a 
spread of the current to the surrounding dura and muscle. 
Preoperative and postoperative testing of the aninials mas 
done as time permitted. In  the preliminary experiments, a 
visual box discrimination test (visual box test) was employed. 
The two gray hoses used in this test (and by Poirier, '51) 
were entirely similar except that the front of onc xvas square 
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and tlie other had a semioval portion (fig. 1) taken off the 
top part  of tlie front of the box. I n  addition, an  auditory 
box test was used in  the earlier experiments. These two white 
boxes had similar external appearances ; one contained a 
liidden bell and the other some hidden weights in order to 
balance the weight of the boxes (fig. 1). I n  these tests, the 
boxes had strings attached to them which led to the test cage. 
The object in this test was to  have the monkey pull in the box 
containing the food. In  the visual discriniination test, the 
animal was taught to pull toward the cage only the box with 
the semioval defect. This box in each case was baited with 
food. In the bell' discrimination tcst, the Inoxcls were cle- 
vated above the floor on a board and, when the animal pulled 
the box toward him, the box fell to the floor and the bell rang. 
I n  this test, the animals were taught to react positively to 
sound. The technique of pulling in  a selected box had been 
described by Kliiver ( ' 33 ) .  
It was soon apparent tliat the tests were too crude for fine 
auditory discrimination. In  the later phases of the work, the 
animals were studied in a specially built cage. Figure 2 illus- 
trates the interior of the cage toward the side that contained 
the doors. Behind the partly opened door was a second set 
of doors ; behind each of the first doors was a microswitch with 
which contact was made as the door was opened. Thus, con- 
nections were established with a bell or  buzzer built on the 
back of the cage (fig. 3 )  or  with the small lights illustrated 
between the doors in figure 2. Figure 3 shows the master 
switch panel, which was controlled by the examiner. In the 
case reported in which this apparatus was used, the animal 
m-as taught to distinguish between the sound niade by the 
Iiuzaer versiis no sound. He was taught to react positively 
to the sound. The monkey remained in the cage during the 
entire testing period. The tests were carried out using bread, 
apples, bananas, or raisins as bait. These were dropped into 
the opening behind the second door after the completion of 
the test. The closing of the doors by the examiner initiated 
R new trial period. Thc correct response was the one which 
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resulted when the aiiimal, opened only the door which initi- 
ated the ringing of the buzzer. An error was committed if 
the animal opened the door which set off no sound. After the 
initial fright period, the monkey adjusted to the presence of 
the examiner and gradually learned the test. Of two other 
animals not reported in the experimental data, one learned 
the test after 1000 trials and another (with a small lesion 
in the superior temporal ,gyms) failed to learn the test after 
1300 trials. 
EXPERIMENTS 
Moizkey no. 1 
This was a healthy young female monkey on which a left 
temporal craniotomy was performed on June 22, 1949. Cor- 
tical stimulation was carried out on area 19 (-4 and B, fig. 4) 
and a cortical lesion was made in this area. No movements 
were noted on stimulation in this area a t  varying depths of 
anesthesia. Following an uneventful recovery, a right tem- 
poral craniotomy was done on June 30, 1949. On area 19 (C, 
fig. 4) about l c m  below the inferior occipital sulcus, faradic 
stimulation resulted in a facial grimace characterized by an 
elevation of the right lip and a blinking of the right eyelid. 
Stimulation of the superior temporal lobe (F, fig. 4) resulted 
in conjugate horizontal deviation of the eyes toward the 
opposite side. A cortical lesion was made in area 19 (B and 
C, fig. 4). Convalescence was uneventful and the animal was 
sacrificed, at  the end of 14 days, for Marchi study. 
Postmortem examination revealed a lesion both in the left 
occipital lobe in area 19 (A and B, fig. 5) and in tlic right 
occipital lobe in area 19 (C and D, fig. 6). The Marchi material 
corroborated the extent of these lesions. From area 19 ( C ,  
fig. 4) fibers passed across the white matter of the heniisphere 
with the visual radiations and accompanied them into the 
internal capsule. Some fibers swung dorsalward and passed 
into the corpus callosum; others continued forward with the 
visual radiations ; these fibers (cortico-striate tract) swuiig 
lateralward to reach the most caudal and ventral aspects of tlic 
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putamen where the degenerated fibers ended. Some degen- 
erated fascicles (cortico-rnbral tract) passed more medially 
wlong with the visual radiations, swinging medially over the 
dorsal surface of the lateral geniculate nucleus, rostra1 to 
the visual radiations, where they passed medialward into the 
tegmentum of the midbrain ending in the large-celled part 
of the red nucleus and the nucleus mesencephalicus pro- 
fundus. I n  the region of the nigro-cortical fibers, fine degen- 
eratiens could be traced to the caudal end of the substantia 
nigra (pars lateralis), but no definite connection between the 
fibers from area 19 and this degeneration could be demon- 
strated. 
From the superficial lesion of area 19 ( A  and B, fig. 4) on 
the right, fibers (internal cortico-tectal tract, preoccipital 
division) passed forward into the internal capsule, where 
they coursed dorsomedialward across the pulvinar into the 
superior col,liculus, intersecting non-degenerated fibers from 
the dorsal part of the pulvinar. At this point the fibers were 
lost. 
Mowkey no. 2 
On July 23,1949, a left temporal craniotomp was performed 
on this young female animal. Electrical stimulation of the 
posterior part of the superior temporal gyrus (F, fig. 4) and 
area 19 (A and B, fig. 4) gave no movement. About 1 ern 
below the right inferior occipital sulcus stimulation of area 
19 (C, fig. 4) resulted in grimaces on the left side of the face 
and eyelid movements. Slightly below this (D), tensing of 
the neck muscles was noted with an extension movement, and 
farther downward and medialward on the basal surface of 
the occipital lobe (E), tensing of the chest muscles and res- 
piratory irregubrity were observed. A cortical lesion was 
made in areas 22 and 19 (fig. 7) .  Following an uneventful 
recovery, a right temporal craniotomy was done on July 29, 
1949. Stimulation of area 19, at C,.resulted in left facial 
grimaces characterized by elevation of the lips and blinking 
of the eyelids, at D, tensing of the neck muscles, and at E, 
tensing of the chest muscles and respiratory irregularities. 
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The tlrird operation on August 3, 1949, was a bilateral re- 
opening of tlic two previous craniotomy wounds. Stimulation 
of right area 19 (A) ,  where a cortical lesion had been made 
previously, resulted in neck movements toward the opposite 
side. Above A, in intact cortex, stimulation resulted in a 
conjugate deviation of the eyes toward the left in a downward 
direction. On the 1,eft side in the cortical lesion made on J ~ l y  
29, 1949, in area 19 (A  and E, fig. 7 ) ,  stimulation at A resnltecl 
in iieck movements toward the right, and at €3, elevation of 
the lip on the side of stimulation. The cortical lesion was 
enlarged as indicated in figure 8. Following a reopening 
craniotomy on August 9, 1949, in which no stimulation was 
carriccl out, the animal succumbed to a meningeal infection. 
Eecause of the meningeal, infection and the larger lesion made 
in thc more anterior portions of the temporal lobe during 
thc last operative procedure two days before death, no micro- 
scopic study was carried out, except for  sections confirming 
the imeningeal infection. 
I n  preoperative testing from June 25, 1949, to July 9, 1949, 
this animal had been able to learn the visual discrimination 
test (visual hox test). From July 9, 1949, to July SO, 1949, 
the animal was able to learn the auditory discrimination test 
(bell box test) .  Following the left cortical procediire on J d y  
23, 1949, the animal retained perfectly the memory of these 
auditory and visual discrimination tests. After the right 
operative procedure on Ju ly  29, 1949, the animal showed no 
loss of memory for the auditory ,discrimination test. Follom- 
ing tlic bilateral operative procedure on Auq-ust 3,  1949, the 
animal showed no errors in the visual and auditory tests. 
After the last operative procedure on August 29, 1949, the 
animal v7as too ill to be tested. 
Mon,key no. 3 
On Ju ly  2,5, 1949, a left fronto-temporal cmniotomv was 
done on this y o ~ i n g  female monkey with exposure of Erod- 
manii’s areas 4, 6, and 8. Electrical stimulation at 7; (fig. 4) 
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resulted in a tensing of the neck muscles, at Y in movements 
of the right arm, a t  X in right facial grimaces, a t  W in left 
facial movements and eyelid blinking, at V in conjugate eye 
movements to the right, at U in conjugate eye movements 
downward and to the right. A superficial cortical lesion was 
made surgically in  the areas of U, V, W, X, and part of Y 
and Z (fig. 9).  The temporo-occipital area was then exposed 
over area 19 (fig. 4) where stimulation at C resulted in lip 
and eyelid movements on the right side, at D, in extension 
movements of the neck muscles, and at E, in tightening and 
tensing of chest muscles. A cortical lesion u7as also made a t  
C. Immediately postoperatively, and for  about one hour after 
she had recovered from the anesthesia, the monkey tended 
to walk in a circle toward the side of the lesion. There was 
no inequality of the pupils and the animal had no difficulty 
in opening and closing the eyelids. This phenomenon has 
been referred to as  forced circling (Smith, '44; and others). 
Postoperatively this animal had weakness of the right upper 
extremity, tending to use the left hand in taking and eating 
food. 
On August 1, 1949, a right fronto-temporal craiiiotomy was 
carried out with exposure of Brodmann's areas 4, 6, and 8 
(fig. 4). Electrical stimulation at Y resulted in tensing of the 
arm muscles, a t  X and W in face and eyelid movements, at  
V in conjugate deviation of the epes to the left, a t  U in con- 
jugate deviation of the eyes downward and to the left. A 
cortical lesion was made a t  U, V, X, W. The occipital lobe 
was then exposed over area 19, and stimulation at C resulted 
in  lip and eyelid movements on the right side, and, at D, in 
tensing of the neck muscles. A cortical lesion was then made 
Postoperatively no voluntary movements of the facial mus- 
cles were apparent. W. K. Smith ( '44) has also called attention 
to the expressionless facies after bilateral ablation of the 
frontal eye fields. This animal. when eating, ~ i ~ d d  raise the 
food only about one inch from the ground and then bring his 
liead down to the food. His mouth was frequently found to  
at c (fig. 10). 
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be stuffed with food and there was partly eaten food scattered 
over his body. Because of this animal’s poor hygiene and his 
manipulation of the operative wound, an abscess developed 
in the left operative area and this was subsequently drained. 
At the end of the two weeks’ period there was some improve- 
ment in the animal’s habits. Grossly, at postmortem, there 
was considerable herniation of the brain in the frontal region 
especia11)- on the left s’cle. The Marchi sections in this case 
were of limited value for fiber tract study. 
Monkey  12.0. 4 
On September 20, 1949, a left temporal craniotoiriy was 
perf orined 011 this young feiriale monkey, and stimulation 
carried out in area 19 (fig. 4). At C, there was elevatioii of 
the left lip and, at D, a turning of the chin downward to the 
left across the midline with associated turning of the neck 
and movements of the shoulder muscles. I n  this same area, 
a tensing of the forearm muscles was noted with extension 
movements. Upon turning a flap in this area, a larger than 
usual vessel, coursing through the inferior occipital siilciis, 
was opened and required coagulation for hemostasis. A super- 
ficial cortical lesion was made in the anterior portions of C 
and D. On the 4th postoperative day, the monkey began 
having focal convulsive movements, initiated by smacking 
of the lips for  30-45 seconds, fol1,owed by twitching move- 
ments of the face on the left, which progressed to  the right 
side of the face, and were then followed by a spread to the 
neck muscles and right arm. The forearm had alternating 
rapid extension and flexion movements with the hand clinched 
in a fist; the neck was drawn backward and toward the left. 
The duration of the seizure was two to two and one-half 
minutes, following which the monkey appeared clear for  
10-15 minutes, running about, eating, and drinking. The 
fol~owing day the seizure had become almost a continuous 
grand ma1 convulsion; the animal was semi-comatose and 
appeared terminal. The convulsive movements were par- 
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tially controlled under the ether anesthesia used during the 
re-exploration of the wound. The wound was found to be 
clean with no gross evidence of infection or hemorrhage. A 
large portion of the brain anterior to the operative lesion svas 
removed blindly through the previous bone defect. The con- 
vulsive movements cleared in 24 hours and the remaining 
postoperative course was uneventful until the animal was 
sacrificed on the 14th postoperative day. 
At postmortem, the lesion was found to involve the anterior 
portion of C and D. It extended anteriorly into the temporal 
lobe as shown in figure 11. The Marchi material indicated 
that the injury in this case was considerably larger than that 
which could be attributed to the surgical lesion, due, perhaps, 
to an anemic infarct resulting from the coagulation of the 
blood vessels lying in the inferior occipital sulcus. The lesioii 
continne'd mediad involving, in part, the superior temporal 
gyrus and the middle and inferior temporal gyri, and could 
be followed deeply into the lateral aspects of the claustrum. 
The exact origin of the fibers in this case was difficult to de- 
termine. A considerably greater number of degenerated fibers 
passed into the temporo-occipito-parieto-pontine bundle tlian 
when the lesion involved onlsy the superior temporal gprus. 
More caudally, cortico-geniculate and cortico-tectal fascicles 
were found in company with bundles passing to  auditory cor- 
tex. Degenerated fibers passed from the caudal aspect o f  the 
lesion toward the caudal end of the putamen. Some of these 
could be traced medially across the internal capsule where 
they reached the lateral aspect of the substantia nigra, which 
they followed to its caudal limits. Degeneration grannles 
accumulated laterally to the caudal' end of the lateral genicu- 
late nucleus. These could be traced across the pulvinar enter- 
ing the most caudal attachment of the pulvinar to the superior 
colliculus (external cortico-tectal tract) where they swung 
dorsally to enter the stratum zonale of the superior collicu- 
lus (fig. 15). 
I n  the right thalamus a lesion (fig. If;), probably vascular 
in origin, had produced a degeneration in the dorsolatcral 
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portion of the ventral nucleus of the thalamus, beginning 
caudal to the level of the maminillary bodies, extending dor- 
saltvard into the internal capsule, and forward and laterad 
into the white matter of the parietal opei-culum of the island. 
Caudally this lesion extended into the medial aspects of the 
pulvinar, slightly rostra1 to where the superior colliculus 
separated from the hemisphere. From this lesion, degen- 
erated fibers passed downward through the external capsule 
to end on the temporal operculum of the island. A large 
iiumber of degenerated fibers passed dorsad in the sensory 
radiations to the parietal lobe. From the lesion in the 
thalamus, degenerated fibers ( thalamo-cortical tract) could 
Ine followed, either sublenticularly or through the putamen, 
to the superior temporal gyrus, but their exact termination 
could not be ascertained. Ventrally the lesion in one area 
involved bundles related to auditory association cortex. De- 
generated fibers (probably cortico-tectal tract, auditory divi- 
sion) passed caudad along the medial aspect of the medial 
g-miculate nucleus to the inferior colliculus. Degenerated 
fibers (probably parieto-rubral tract) extended mediad, 
slightly anterior to  the level of the auditory radiations, to 
pass into the caudal portion of the red nucleus. Other de- 
generation granules ( parieto-pontine tract) swung downward 
more rostrally, into the lateral portion of the cerebral pe- 
duncle. At more caudal levels, degenerated fibers were seen 
in the pars lateralis of the substantia nigra. From the lesion 
on the parietal operculuni, fibers proceedecl through the cap- 
snla cxtreina and the c:ipsula esterna to the island and to the 
opercular surf ace of the temporal lobe. 
Monkey  no.  5 
On September 27, 1949, a left temporal craniotomy was 
performed over the superior temporal gyrus of this young 
female monkey. Stimulation (F, fig. 4) resulted in no definite 
q-e movements, an,d no surgical lesion was made. On Octo- 
ber 4, 1949, a right temporal craniotomy was perfornied and 
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stimulation at a point corresponding to F of the left lieniis- 
phere evoked conjugate eye movements to the opposite side. 
-4 surgical lesion was made a t  F (fig. 4). More anteriorly, 
on the superior temporal gyrus, eyelid and face movements 
mere noted on stimulation. The minimal faradic current used 
to obtain movements in area 4 was sufficient to produce those 
moveinents described at  F on the right superior temporal 
gyrus. The postoperative course was uneventful and the 
animal was sacrificed 14 days postoperatively. 
Gross examination of the brain at postmortem showed a 
small surgical lesion in the right superior temporal gyrus 
(fiy. 12). Marchi stain revea1,ed a small lesion extending 
into the white matter of the left superior temporal gyrus 
with a more superficial involvment in the parietal cortex at 
the rostral level of the surgical lesion. 
a t  the level of the lesion the degenerated fibers swung 
across the white matter of the superior temporal gyrns. 
where some of them turned into the temporal operculum of 
the island. Fine degenerated fibers could be seen to turn 
dorsalward at the level of the capsula externa and capsula 
extrema where they appeared to end in part in the floor of 
the island and to continue in part to the parietal operculum 
of the island. Some fibers continued more dorsalward and 
entered the adjacent postcentral gyms of the parietal lobe. 
Some degenerated fibers could be traced into the corpus 
callosuin, but their termination couEd not be determined in 
the material. No degenerated fibers could be followed caudal- 
ward to area 19 from this lesion. 
From the inore rostral portions of the lesion on the supc- 
rior temporal gyrus, scant degenerated granules could be 
traced mediad across the capsula externa, to  a sublenticular 
position. Some degenerated fibers passed through the in- 
ferior caudal aspects of the putamen to a position medial 
to the putamen, where they were joined by fibers from the 
sublenticular area. From here, fibers (temporo-pontine tract) 
could be traced farther rostralward where they then swung 
medially into the lateral aspects of the cerebral peduncle ; 
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they could be followed as fa r  as the pons. Some fibers (cor- 
tico-geiiiculate tract) swung mediad, passing back and down 
to the rostrolateral aspect of the medial geniculate nucleus. 
These mere few in number and appeared to end at this level. 
Degenerated fascicles (cortico - thalamic tract), running 
slightly caudal to  the temporo-pontine fibers, turne'd through 
the internal capsule, then swung up into the ventral nucleus 
of the thalamus at its caudal end. Other degenerated fibers 
coursed ventrally into the region of the decussation of the 
Brachium conjunctivum, where a few of them appeared to 
cross. At slightly more caudal levels, they then turned dorsad 
into the medial longitudinal fasciculus, where they could be 
traced to the level of the abducens nucleus. 
From the more caudal aspects of the lesion on the left 
superior temporal gyrus, fibers passed through the posterior 
limb of the internal capsule, to the lateral border of the 
pulvinar, where degenerated fibers (cortico-tegmental tract, 
temporal division) turned into the superior colliculus. Be- 
ginning at a point lateral to the tecto-pontine fibers, degen- 
erated fascicles ran caudad and ventrad to the medial lcm- 
niscus; a few swung into the tegmentum of the midbrain, 
where they appeared to synapse. At this point the fibers in 
the region of the medial lemniscus were joined by bundles 
(possibly a cortical' aberrant tract) swinging dorsad from 
the lateral aspect of the peduncle (presumably from the tem- 
poro-pontine system) and from this point these two paths 
were indistinguishable. Their termination could not be as- 
certained in this material. 
Monkey  no. 6 
This young female monkey learned the finer auditory dis- 
crimination test after 800 trials. Then, on January 23, 1950, 
a right temporal craniotomy was done over the superior 
temporal gyrus. Stimulation of this gyrus (fig. 4) in the 
area intermediate between F and G resulted in elevation of 
the upper lip and closing of the eyelid on the side of stimu- 
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lation. More posteriorly, at F, there was conjugate deviation 
of the eyes to the opposite side. A surgical lesion was made 
in the superior temporal gyrus and in the posterior portion 
of the middle temporal gyrus as indicated in figure 13. Post- 
operatively the animal showed no loss of ability to perform 
the auditory discrimination test. On January 30, 1950, a left 
temporal craniotomy was performed over the superior tem- 
poral gyrus. Stimulation a t  the level of the central fissure, 
at G (fig. 13), resulted in a tensing of the neck muscles, a 
flexion of the upper and lower extremities ; in the intermediate 
areas between F and G, a turning of the head to the right, an 
elevation of the right upper lip and a blinking of the right 
eyelid; and at  the level of F, conjugate deviation of the eyes 
to the opposite side. A surgical lesion was made in the 
superior temporal gyrus as indicated in figure 13. Postopera- 
tively the animal showed no loss of memory for the auditory 
discrimination test after the bilateral symmetrical, lesions. 
At postmortem, and as seen in the Marchi preparations, tlw 
surgical lesion involved bilaterally the exposed cortex of the 
superior temporal gyrus and of the middle temporal gyrus 
in the cau'dal parts of the lesion. From the more rostra1 
portions of the lesion in the left superior temporal gyrus, 
degeneration granules could be traced across the superior 
temporal gyrus. Some degenerated fibers turned inward into 
the temporal operculum of the island; others swung dorsad in 
the capsula extrema ending in the floor of the island and its 
parietal opercnlum (fig. 17). Some of the degenerated fibers 
were seen to pass through the capsula extrema where they 
were joined by degenerated fascicles from the capsula externa. 
These latter extended into the parietal lobe; others, more 
medially, entered the corpus callosum. Fine degeneration 
granules were found in the middle and inferior temporal gyri. 
In the most caudal portions of the lesion in area 22, the 
major passage of degenerated fibers was to the adjacent area 
19. I n  the area idlere the lesion involved the middle temporal 
csyrus, degenerated fibers passed from it into the inferior 
temporal gyrus. 
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From the more rostra1 portion of the lesion on the left 
superior temporal gyrus, the degeneration granules could be 
traced across the external capsule to a sublenticular position. 
Some degenerated fibers could be followed through the in- 
ferior caudal aspect of the putamen. From this sublenticular 
position fibers proceeded forward, medial to the putamen, and 
then passed through the auditory radiations to the medial 
geniculate nucleus (fig. 17). Here a considerable number of 
degenerated fascicles ended (cortico-geniculate fibers), others 
turned mediad and caudad along the medial aspect of the 
medial geniculate body to inferior collicular levels (cortico- 
tectal tract, auditory division). Still other degenerated fibers, 
coursing behind the entrance of the temporo-pontine bundles 
into the peduncle, descended through the internal capsule. 
Some of these fibers (cortico-thalamic tract) ended in the 
ventral nucleus of the dorsal thalamus and others passed 
more medially and caudally to  the region of the interstitial 
nucleus of the medial longitudinal fasciculus. Degenerated 
fascicles (cortico-rubral tract) entered the lateral aspects of 
the large-celled par t  of the red nucleus (fig. 17).  Finally, 
some degenerated fibers proceeded through the tegmentum 
(nucleus mesencephalicus profundus), some synapsing, to the 
region of the decussation of the brachium conjunctivum and 
then swung up into the medial longitudinal fasciculus, wherein 
they continued in a caudal direction. 
From the more caudal aspect of the lesion on the left supe- 
rior temporal gyms, fibers descended through the posterior 
limb of the internal capsule to the lateral, border of the pul- 
vinar, from which position degenerated granules could be 
followed to the superior colliculus (fig. 18). ,4t this point, 
1,atcral to the tecto-pontine and dorsal to the auditory divi- 
sion of the cortico-tectal tract, the cortico-tegmental tract, 
temporal division, interdigitated with the tecto-pontine fibers 
to reach the medial aspects of the medial lemniscus. I n  the 
pons, degenerated fibers swung dorsad into the medial lem- 
niscus, presumably from the cortico-pontinc system. Thew 
two tracts then became indistinguishable. Slightly caudad, 
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some of these fibers entered the abducens nucleus, and there 
is presumptive evidence of a termination of some of tlieni i i t  
the motor nucleus of VII. 
Mowkey no. 7' 
On Riarch 2, 1950, a left teniporo-occipital craniotomy was 
performed over area 19 in  areas C and D (fig. 4) of a young 
female monkey. On exposing this area, a large vein was 
again encountered which passed through the inferior occipi- 
tal sulcns and entered a dural sinus in the caudal aspects of 
the mound. The presence of the vessel hampered somewhat 
the remainder of the esperiment. Stimulation a t  C resulted 
in  left facial movements, characterized by retraction of the 
upper lip and movements of the eyelid. At  level D, movements 
of the shoulders and forearms bilaterally and, at level E 011 
the basal surface, flexion of both knees and extension move- 
ments of both feet were obtainecl on stimulatioii. A cautey- 
izing lesion was made blindly in the areas of stimulation 
(fig. 14). The postoperative course was entirely uneventful. 
Postmortem examination on Rlarch 16 revealed that the 
cortical lesion on the basal surface of the hemisphere extended 
rostrally from the area where the movements had been elicited 
to the adjoking inferior temporal gyms. The Marchi mate- 
rial showed that, in addition to the cortical lesion (fig. 14), 
there was a degeneration of the hippocampus and of the 
hippocampal gyrus from its most caudal portion forward to 
the level of the mammillary body. Degenerated fibers coulcl 
he traced from the fimbria into the fornix (fig. 20), passing 
forward in all portions of the left fornix. Some of these fibe1.s 
ended in the ventral part  of the left mammillarp body and 
others continued caudally in the stria meclnllaris to the level 
of the habennla. 
There was an extension of the midportion of the lesion 
dorsalward into the posterior limb of the internal capsule. 
The lesion here involved some of the external cortico-tectal 
fibers, which could be traced caudally, lateral to the lateral 
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geniculate nucleus, along the ventrolateral surface of the 
pulvinar. The fibers shifted mediad and dorsad through the 
pulvinar to reach the lateral border of the superior colliculus, 
being the most caudal fibers to  enter that midbrain area (fig. 
30). The fibers distributed to the most superficial layers of 
the superior colliculus. 
The e\-nct origin of tlie fibers from the lesion in the occipito- 
temporal cortex could not be determined with certainty in 
this case. From the lesion, some degenerated fibers swung 
into the putamen, others passed from the more rostral por- 
tion into the capsula extrema to terminate in the middle and 
superior temporal gyri, and still others, from the railudal end 
of the lesion, entered the posterior limb of the internal cap- 
sule to  reach area 19 above the inferior occipital sulcus. A 
considerable number of degenerated fibers could be traced 
through the corpus callosum t o  the opposite hemisphere. 
Degenerated fascicles coursed forward along with the visual 
radiations ; some bundles (internal cortico-tectal tract) reached 
the lateral border of the pulvinar, crossed it, and entered the 
superior colliculus deep t o  the stratum opticum. A marked 
degeneration was seen in nucleus pulvinaris medialis. De- 
generated fascicles ran over the top of the lateral geniculatc 
nuclens (fig. 19), caudal to  the temporo-pontiiie tract, to the 
lateral border of the red nucleus and the tegmentum of the 
midbrain. Some degenerated fibers entered the lateral por- 
tion of the substaiitia nigra. At more rostral levels, other 
degenerated fibers (temporo-pontine tract) coursed, medial 
to the putamen, into the lateral portion of the peduncle. 
RESULTS O F  CORTICAL STIMULATION 
The series of experiments carried out in this report were 
designed to investigate the functions of lower area 19 and the 
part of area 22 immediately adjacent to the primary projec- 
tion of the auditory system. 
Under ether anesthesia, the lower area 19 was exposed and 
its various portions stimulated. For  descriptive purposes 
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these portions have been termed: area 19-C (fig. 4), situated 
about 1 cm below the inferior occipital sulcus ; 19-D, the area 
beneath 19-C at the junction of the lateral and basal surfaces 
of the occipital lobe; and 19-E, the basal surface. It will be 
noted that E has been placed on the diagram for purposes of 
convenience; actually, it is not visible on the lateral view of 
the macaque brain, being limited entirely to the basal sur- 
face. Under relatively light ether anesthesia, it was possible 
to elicit, from area C, facial movements, which in some in- 
stances were bilateral and in other instances unilateral. In 
this investigation, at D, a turning of the head to the opposite 
side and, in one instance, complex movements of the upper 
extremities were obtained. Stimulation of the basal surface 
(E)  elicited complex movements of the lower extremities 
and trunk muscles. 
Under similar circumstances, the part of area 22 which is 
immediately adjacent to the auditory cortex was exposed. In 
this report, F designates the more caudal' portions and G the 
mow rostral portions of area 22. Under relatively light anes- 
thesia it was posible to elicit, on cortical stimulation of area 
22-F, conjugate deviation of the eyes to the opposite side. 
From the more rostral portions of 22-6, complex movements 
of the extremities were obtained on stimulation. I n  the inter- 
vening area, bilateral movements of the face or, in certain 
instances, unilateral movements of the face, as well as a 
turning of the head to the opposite side, were obtained. In 
this adversive field the movements appeared to be elicited 
from more specific areas of the cortex than had previously 
been identified (C. and 0. Vogt, '26). Under the circumstances 
of the present experiments, an exact analysis of the move- 
ments elicited was not possible. The ideal conditions were 
those in which the animal had just lost voluntary control of 
the eyes, since in  deeper stages of anesthesia the movements 
11-ew abolished. 
Ferrier (1876). in electrical studies of area 22, described 
a turning of the head and eyes to the opposite side, pricking 
iip of the opposite ear, and dilatation of the pupils. Others 
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(Schafer, 1888; C. and 0. Vogt, '26; Hines, '43) have de- 
scribed similar movements. I n  the present study the move- 
ments appeared to be elicited from more specific areas than 
the diffuse fields related to these movements as indicated in 
the map of the Vogts ('26). Foerster ('36), in electrical 
stimulation of the superior temporal gyrus in man, described 
turning of the head, trunk, and extremities, with or without 
deviation of the eyes, toward the opposite side. Penfield and 
Erickson ('41, loc. cit., p. 54-56) found that stimulsation in 
this region in man produced sensations of buzzing sounds, 
dreams in which the patient heard music or voices, and othei 
hallucination phenomena. I n  a case history of an epileptic 
with an old traumatic lesion of area 22, Foerster ('36) re- 
ported the man's attacks as beginning with an acoustic aura 
followed by a tonic-clonic mass spasm with rotation of the 
eyes, the head, and the body away from Ihe side of the lesion. 
a t  the time of operation, Foerster was able to reproduce these 
same symptoms by stimulation of the lesion. 
Ferrier (1876) found that stimu1,ation beneath the inferior 
occipital sulcus in area 19 of the monkey caused uneasy move- 
ments of the hind legs and tail and that the animal looked 
toward the opposite hind leg, occasionally uttering R plaintive 
cry. On their map, the Vogts ('26) designated this area be- 
neath the inferior occipital fissure as 19b and produced ad- 
versive movements of the trunk and the appendages of the 
monkey by electrical stimulation of this area. The site of 
origin of these movements appears to  be more circumscribed 
than was indicated on the map of the Vogts ('26). No de- 
scription of electrical st:mulation of this area in man was 
encountered in the literature. 
RESULTS O F  AUDITORY AND VISUAL 
DISCRIMIXATION TESTS 
In  the present report a series of auditory and visual dis- 
crimination tests were designed to investigate the higher 
functions of the temporal and occipital cortices. I n  the pre- 
liminary phases of this investigation, visual and anditory 
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box discrimination tests were employed in the experiments. 
After partial ablation of the temporal o r  occipital cortex, no 
permanent changes were noted in the ability of the animals to 
discriminate in these tests. In  the later phases of the investi- 
gation the animals were subjected to a finer auditory dis- 
crimination test. No loss was noted in the animal's ability 
to  perform the test after unilateral or bilmateral ablation of the 
cortex adjacent to the primary auditory area on the superior 
temporal gyrus. It has been the author's experience that a 
much more extensive and prolonged training period was re- 
quired to develop an animal's ability to perform the auditory 
discrimination test after such operations. This was especially 
apparent in the finer auditory discrimination test in which 
the preoperative period required 1000 or more trials before 
the animal develope,d the ability to perform the test. NieIsen 
('47, loc. cit., p. 119-123) concluded, from his studies on man, 
that bilateral lesions limited to the superior temporal gyrus 
produced a patient who was able to hear, yet was not able to 
recognize the significance of the sounds. The present investi- 
gation would indicate that the macaque is able to perform a 
discrimination test in the absence of the exposed cortex of 
area 22 immediately adjacent to the primary auditory area. 
COMMENTS 
The cytoarchitecture of the cortex may be a reflection of 
particular functions. The granular layer is especially well 
developed in those regions which receive a rich supply of fibers 
from subcortical centers. The supragranular layers are re- 
lated particularly, thou'gh perhaps not exclusively, to the 
intracortical connections, and many corticifugal fibers arise 
from the infragranular layers (Ariens Kappers, Huber, 
Crosby, '36). 
Possible changes in behavior following large lesions of the 
temporal lobe have been considered by various observers, as 
Jacobsen and Elder ( '36) and Bucy and Kliiver ( '40). Fol- 
lowing extensive symmetrical ablations of the temporal lobe 
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a trained baboon showed an essentially normal behavior and 
a normal reaction in a delayed reaction test. Bucy and Kliiver 
( '40) reported a syedrome of psychic blindness following 
bilateral temporal lobectomy. The animals could not recog- 
nize the nature of objects except by examining them by taste 
and smel-1. They also showed changes in sexual behavior and 
dietary habits, with a strong tendency to note and to react 
to every visual stimulus. 
The monkey has virtually no serviceable vision after bi- 
lateral removal of the occipital lobes; the animal cannot dis- 
criminate between objects of different sizes or varying bright- 
nesses, but reacts only to the total quantity of light (Kluver, 
'41). Ades ( '46) demonstrated that learned visual form dis- 
crimination was abolished by one stage bilateral extirpation 
of areas 18 and 19, but could be relearned in approximately 
the same number of trials as were required for the original 
learning. Ades and Raab ('49) found that if training was 
carried on between operations, seriatim destruction of areas 
18 and 19 produced no habit loss after either operation ; how- 
ever, subsequent bitemporal decortication produced an ani- 
mal which could not relearn the test with prolonged training. 
Bilateral removal of areas 18 and 19 permanently abolished 
the ability to  carry out the form discrimination test, although 
both animals readily learned a simple brightness discrimina- 
tion test in the same apparatus. No changes in behavior were 
noted in the animals examined in the experiments reported 
here in visual and auditory discrimination tests after partial 
unilateral and bilateral ablations of the auditory and visual 
association areas. 
ANATOMICAL RESULTS 
To facilitate an understanding of certain anatomical path- 
ways described in this paper, a brief review of the terminology 
introduced by Crosby and Henderson ('48) wil.1 be given as 
it forms the basis of the terminology used here. From the 
occipital lobe they recognized two separate systems of fibers 
in the internal cortico-tectal system which they termed the 
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occipital division and the preoccipital division. Each of the 
divisions was subdivided further into dorsal and ventral 
parts depending upon whether it arose from upper or lower 
portions of the occipital or preoccipital area. From the tem- 
poral I,obe, in the area ventral to the caudal third of the supe- 
rior temporal sulcus, they described an external cortico-tectal 
system with a distinct anatomical distribution on the superior 
colliculus, and from the occipital lobe a cortico-tegmental 
system, which Crosby ('50) has later followed to the level 
of the contralateral abducens nucleus. I n  the present material, 
a cortico-tegmental tract was described and designated the 
temporal division to  distinguish this system more clearly 
from the occipital division. 
Cortiico-tectal tract, auditory division 
From area 22, fibers could be traced in the degenerated 
material across the white matter of the hemisphere and 
through the capsub extrema, the claustrum, and capsula ex- 
terna to the sublenticular portion of the internal capsule, 
where the fibers were seen to intermingle with the auditory 
radiations. Fibers then proceeded caudad, ventra'd, and me- 
diad until the medial geniculate nucleus was reached, at 
which point the fibers diminished (cortico-geniculate tract). 
Some fibers (cortico-tectal tract, auditory division) continued 
along the medial aspect of the mediala geniculate nucleus an'd 
the under border of the superior colliculus to the inferior 
colliculus. Following ablation studies in macaque in the more 
rostra1 aspects of area 22, Mettler ( '35 )  described degen- 
erated fibers in the region of  the rostra10 pole of the inferior 
colliculus. Riley ( '43) indicated fibers from cortical auditory 
areas to the inferior colliculus and the medial geniculate 
nucleus in man. 
Cortko-tegmemtal tract, temporal division 
From area 22-F fibers coul,d be traced across the white 
matter of the hemisphere into the posterior limb of the in- 
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ternal capsule, where they then crossed medial to  the lateral 
border of the pulvinar. They passed across the pulvinar 
where the degenerated fibers accumulated a t  the junction of 
the pulvinar and the superior colliculus, dorsal to the degen- 
erated fibers of the cortico-tectal tract, auditory division, to 
join the occipital division of the cortico-te,gmentnl fibers. Hi- 
rasawa, Okano, and Kamio ('38) found some entering the 
stratum zonale and stratum opticum of the superior colliculus. 
Fibers appeared to swing into the medial' longitudinal fas- 
ciculus ; others proceeded backward and downward into the 
medial portions of the med'al lemniscus, being joined by 
fascicles from the peduncle (possibly cortico-bulbar) which 
join the medial lemn'scus at  pons levels. Slightly caudad in 
the material, some fibers entered the 6th nucleus. 
Cortico-striate .cystern 
From the region below the inferior occipital sulcus in area 
19, degenerated fibers could be traced across the white matter 
of the hemisphere forwand with the visual radiations, then 
into the posterior part of the corpus callosum ; others (cortico- 
striate tract, ventral occipital division) continued forward, 
lateral to the visual radiations a t  the caudal level of the 
lateral geniculate nucleus, to enter the caudal and ventral 
aspects of the putamen. From the more rostral portions of 
the lesion on the superior temporal gyrixs, degenerated fibers 
(cortico-striate tract, temporal division) passed across the 
external capsule to the inferior caudal portions of the pu- 
tamen. From the lesion in the internal, capsule and adjacent 
parietal operculum, fibers (cortico-striate tract, parietal divi- 
sion), presumably of parietal origin, could be traced into the 
putamen. 
Cortico-nigral tract 
From the lesions on the more rostral portions of the supe- 
rior temporal gyrus, degenerated fibers could he follaowed 
sublenticularly into the lateral aspects of the substantia nigra, 
passing through the internal capsule. These constitute the 
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cortico-nigral tract, temporal division (Bucy and Kluver, 
'40; Hirasawa, Okano, and Kamio, '38). Koikegami and 
Imogawa ( '36) have described fibers (cortico-nigral tract, 
dorsal occipital division) from area 19 above the inferior 
occipital sulcus to substantia nigra. There was presumptive 
evidence, in the material studied, of a cortico-nigral system 
of fibers (cortico-nigral tract, ventral occipital division) from 
area 19 beneath the inferior occipital sulcus to the substantia 
nigra. 
Cortico-rubral tract 
From the lesions in the more rostra18 portions of the superior 
temporal gyrus, fibers (cortico-rubral tract, temporal divi- 
sion) could be traced sublenticularly through the internal 
capsule to the lateral aspect of the large-celrled part of the 
red nucleus (Mettler, '35 ; Hirasawa, Okano, and Kamio, '38) 
and to the t e p e n t u m  of the midbrain. Some fibers continued 
more ventrally into the area of the brachium conjunctivum, 
where a few fascicles presumably crossed; these fibers then 
swung upward into the medial longitudinal fasciculus. From 
the lesion in the internal capsule and adjacent parietal oper- 
culum, fibers could be followed through the internal capsule 
then slightly rostrad to the auditory radiations, to reach the 
lateral' portion of the red nucleus, large-celled part. These 
fibers were presumably of parietal origin. Archambault ('14) 
has described fiber connections from the Sylvian and R,o- 
landic opercula and island of Reil to the middle segment of 
the red nucleus in man. Koikegami and Imogawa ( '36) have 
followed fibers from area 19 above the inferior occipital' sulcus 
to the red nucleus (cortico-rubral tract, dorsal occipital divi- 
sion). From the area beneath the inferior occipital sulcus in 
area 19, fibers (cortico-rubral tract, ventral occipital division) 
crossed the white matter of the gyrus to pass forward in the 
visual radiations. Then they passed over the dorsal surface 
of the lateral geniculate nucleus, to enter the tegmentum of 
the midbrain, where they ended in the tegmental gray and in 
the large-celled part of the red nucleus. From the infero-in- 
544 LLOYD J. LE'MMEN 
ternal surface of the human temporo-occipital area, Archam- 
bault ( '14) described fibers to  the red nucleus. 
Cortico-pouztilze tract 
From the superior temporal gyrus degenerated fascicles 
(cortico-pontine tract, temporal division) could be traced 
across the white matter of this gyrus and underneath the 
lsenticular nucleus to join fibers from the other temporal gyri. 
The united bundles passed sublenticularly into the outer por- 
tion of the cerebral peduncle, dorsal and lateral to the parieto- 
occipito-pontine fibers. I n  this position they could be followed 
to pons levelxs, presumably to synapse with neurons which 
discharge by way of the brachium pontis to  the cerebellum. 
Sunderland ( '40), in his review of the literature and in his 
experimental material, described fibers to the pons from 
the temporal, the parietal, and the occipital lobes of the ma- 
caque. 
Co rtic o - t halanzic tract 
From the lesions on the superior temporal, gyrus, degen- 
erated fibers could be traced sublenticularly and through the 
islets of the putamen to the ventral nucleus of the thalamus. 
Hirasawa, Okano, and Kamio ('38) have described these 
degenerated fibers, as well as  fine degenerations to the lateral 
nucleus of the thalamus. From the lesion in the thalamus, 
intermediate between lateral and ventral thalamic nuclei, de- 
generated fibers (a  thalamo-cortical tract) could be followed 
sublenticularly, and through the putamen, to the superior 
temporal gyrus. The exact termination of these bundles was 
not determined. Koikegami and Imogawa ('36) have de- 
scribed degenerated fibers from area 19 above the inferior 
occipital sulcus to  the ventral an'd lateral nuclei of the thal- 
amus. 
Discharge p a t h s  from subcortical cezaters 
Anatomically, there are we1,l recognized paths from the sub- 
cortical centers to  the lower brainstem and spinal cord. A 
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brief reference will' be made to those pathways pertinent to 
an understanding of the problem at hand. The major dis- 
charge path - the comb bundle - of the substantia nigra 
courses forward to the globus pallidus and possibly to the 
putamen. From the putamen, fascicles pass medially to the 
globus pallidus, and from here run caudalaly to the red nucleus, 
the tegmental gray, the interstitial nucleus, and the nucleus 
of Darkschewitch by way of the lenticular fasciculus. Some 
fibers distribute to the nucleus mesencephalicus profundus 
pars lateralmiis caudalis by way of the ansa lenticularis ; others 
pass in relation to the subthalamic nucleus to reach the lateral 
aspect of the teamental gray of the midbrain. From these 
various regions paths descend as rubro-spinal, caudal rubro- 
spinal, and tegmento-spinal paths to the spinal cord; other 
fibers are distributed to the brainstem by way of the medial 
longitudinal fasciculus and the tegmento-bulbar system (Wood- 
burne, Crosbp, and McCotter, '46). 
SUMMARY 
1. In the auditory (area 22) and visual (area 19) associa- 
tion areas of Macaca mulatta, there is a definite pattern of 
eye movements with complex movements of face, neck, and 
trunk on electrical stimulation. 
2. From the part of area 19 (Crosby, '50) and area 22, 
stimulation of which produced horizontal deviation of the 
eyes, fibers (cortico-tegmental, occipital division and cortico- 
tegmental,, temporal division) can be traced through the teg- 
mentum of the midbrain to the abducens nucleus. 
3. The movements of the eyes in other planes are mediated 
over fiber systems (cortico-tectal tract, preoccipital division 
and external cortico-tectal tract) which pass to the superior 
colliculus from area 19 and the auditory area. 
4. From those portions of area 19 and area 22, stimulation 
of which produced complex movements of face, neck, and 
trunk, fiber paths can be traced to basal ganglia, red nucleus, 
substantia nigra, and tegmentum of the midbrain. 
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aud. a., auditory area. 
aud. rad., auditory radiations. 
cal. f., calcarine fissure. 
caud. n., caudate nucleus. 
cereb., cerebellum. 
corp. cal., corpus callosum. 
cort. rub. ti-., eortico-rubral tract. 
cort. tect. tr. aud. div., cortico-tectal 
cort. teg. tr. t. div., cortico-tegmental 
ext. cort. tect. tr., external cortico- 
F., fornix. 
fim., fimbria. 
hip. g., hippocampal gyrus. 
I., island. 
L., lesion. 
lat. gen. n., lateral geiiiculate nucleus. 
lnt. thal. n., lateral thalamic nucleus. 
M., degenerated fibers passing from 
med. gen. n., medial genieulate nucleus. 
N., degenerated fibers passing to area 
tract, auditory division. 




n. pul. med., nucleus pulvinar medialis. 
O., degenerated fibers in  capsula ex- 
op. tr., optic tract. 
pariet. pont. tr., parieto-pontiue tract. 
ped. inf. col., peduncle of inferior col- 
pul., pulvinar. 
put., putamen. 
sen. rad., sensory radiations. 
sub. nig., substantia nigra. 
tect. pont. tr., tecto-pontine tract. 
tect. sup. col., tectuni of superior col- 
temp. pont. tr., temporo-pontine tract. 
vent. thal. n., ventral thalamic nucleus. 
vis. rad., visual radintions. 
4, area 4 
6, area 6 
8, area 8. 
18, area 18. 
19, area 19. 
21, area 21. 









Photograph of boxes used in  discrimination test. 
Photograph of the double set of doors as seen from the interior of the test 
Photograph of the master switch panel on the back of the test cage as  
cage used in the finer auditory discrimination test. 
seen by the examiner. 
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PLATE 2 
EXPLANATION OF FIGURES 
4 Photograph of the left sidr of tlic blain of Maraca mula-cta. 
5 Monkey 110. 1. Appearance of the lesioii in the left heiriisplieie at antops). 
6 Monkey no. 1. Appearance of the lesioii in t h e  right heimisplieic a t  autopsy. 
7 Monkey no. 2. Symiiietrical operative lesions iiincle in fiist and second 
oprrntions. 
8 Monkey no. 2. Symmetrical operatile lwioiir made in third qicration. 
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EIXPLANATION OF FIGURES 
9 Monkey no. 3. Appearance of lesion in the left  hemisphere at autopsy. 
10 Monkey no. 3. Appearance of lesion in the right hemisphere a t  autopsy. 
11 Monkey no. 4. Appearance at autopsy of lesion in  the left  hemisphere. 
12 Monkey no. 5 .  Appearanc a t  autopsy of lesion in right hemisphere. 
13  Monkey no. 6. Appearance at autopsy of the syininetrical lesions on the 
superior temporal gyrus. 
14 Monkey no. 7. Appearance of lesion in left  hemisphere which extends 
medially on the basal surface of the occipital lobe. 
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l ~ \ P L \ N A ' T I O N  O F  F I G U K E S  
13 l'liottriiwrogi;~ ph of section through the left pulvinar iiuclcus froiii 
16 Photo1nirrogra~i1i of scctioii througli the I nsculwy lesioii in thc right tlinlnrrius 
:mcI parietal opercnluni in Iiioiikcy 110. 4. 
lllonkey 110. 4. 
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EXPLANATION OF FIGURES 
1 7  l’liotoinicrogiapli of section t h o u g h  the right auditory iadiatioiis froin 
monliey 110. 6. 
18 Pliotoiiiicrogiapli of section through the left pulvinnr iiucleus from monliq 
no. 6. 
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EXPLANATION OF FIGURES 
19  Photomicrograph of section through the left lateral geniculate nucleus 
from monkey no. 7. 
20 Photomicrograph of section through the left  pulvinar nucleus from nionkcy 
no. 7. 
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